The serious games have been highlighted by the addition of playful aspects to the educational process, motivating and assisting learning through games. In this context, the game intelligence, comprised from decision models, consists of challenging and motivating element for the player. For the present study, it was observed that basic concepts related to health and oral hygiene predominate in serious games for Dentistry and children are the main target audience of these games. The shortage in exploring games with the theme oral health for infant was the focus of the development of a serious game addressed to this theme. The design of the game "Uma Aventura na Floresta da Dentolândia" (An Adventure in the Toothland Forest) allowed verifying the necessity of consider the theme and the target public in the development process of serious games. The research also allowed verifying a wide range of possibilities for the application of serious games in health.
INTRODUCTION
Interactive digital media reaches most of the spaces in contemporary society at the same time that research shows the effectiveness of computer applications for increased motivation and consolidation of knowledge during the teaching-learning process 1 . In this context, computer games stand out when compared to other media, because they enable a balance between the player's challenge and the involvement during the interaction 2 . Specifically, serious games have as their main feature to provide the learning of specific aspects of disciplines or train operational skills 4 . Kebritchi and Hirumi 1 attribute the success of serious games to a number of factors, including: the use of the action instead of explanation; the creation of a motivation and personal satisfaction;
to adapt to various learning styles and skills; the strengthening of skills; and encouragement to the decision-making processes of the player in interactive environments. The first census of the Brazilian industry, released in the year 2014 (with data from the year 2013), pointed out that the serious games corresponded to almost half of the games developed in Brazil (47.8%), and those that specifically target health corresponded to only 4% of the total number of games produced that year 4 .
In children from 18 to 60 months of age, it was observed that 21.2 percent of them had at least one baby tooth with dental caries experience 5 while, at 5 years, this percentage amounted to 53.5% 6 . The latest population survey on oral health conditions of the Brazilian population pointed out that such a situation tended to worsen with the passing of age, arriving at 56.5% of 12-year-old children with caries experience and, in adolescents 15 to 19 years, from 76.1% 6 . Such indexes were compounded by an inadequate oral hygiene, by high consumption of fermentable carbohydrates, lack of follow-up and the lack of proper guidance of parents and guardians. In addition, with regard to maternal attitudes front tooth decay involving their children's primary teeth, 93.5% of mothers reported that would lead them to the dentist if their teeth were affected by tooth decay, i.e., seek oral health care if their children show changes, and the child, at this stage, feel pain and require more complex treatments 7 . Despite the improvement in the Brazilian strategies focused on oral health of the baby, even if you understand the need for initiatives and actions about the importance of primary teeth and how to prevent tooth decay from a tender age 8 .
In the context of few public policies related to the oral health of infants, especially in the context of the scenario and Brazilian digital media, particularly in the use of serious games focused on the educational processes, the motivation for this work.
The research presented here, dealt with the possibility of use of serious games in the process of information regarding oral hygiene practices. Therefore, they constitute objectives of this work: to identify, through bibliographic research, computer applications developed in the form of serious games for Dentistry and their characteristics; present the planning process and development of a serious game, consisting of an intelligent model of decision making, focused on oral health learning in babies. The decision model, present in the artificial intelligence of the game served as a challenging and motivating element in the process of learning and information of the target audience.
METHODOLOGY
The development of this work consisted of five steps. The first of these was held an exploratory research to identify computer applications developed in the form of serious games for: Odontology research in scientific papers, selection of commercial games and serious games presented in educational campaigns.
In the first step, the repositories of scientific papers surveyed were: IEEE Xplore, Science Direct, The games selected in the survey were analyzed and evaluated in relation to the following features: theme explored, target audience, differential, distribution and display. In this analysis,
were discarded the games not related to serious games, i.e., that not linked or transmitted specific information to the player during the interaction.
In this sense, began the second stage of that work with a survey of exploratory type for the query to the target audience by the use of a test application. The survey scenario was the Pediatric Dentistry Clinic at the Federal University of Paraíba -Brazil, and the subjects were the mother users of this service. For the research we designed a form consisting of four groups of questions:
the mother's relationship with the dentist, the socioeconomic profile, the general knowledge on the subject and the mother's impression of the tested games. The data collection procedure consisted of an interview with mothers by an extended format survey (because of the number of questions).
The data obtained in the forms were analyzed descriptively, using absolute values and percentages.
From these results, the most appropriate approach was defined for the proposed serious game.
The results of the research with the target audience were used for designing the final script (third stage) and development (fourth stage) of the game serious "Uma Aventura na Floresta da
Dentolândia" (An Adventure in the Toothland Forest). In the final step, the game was rated at the same site of the previous survey, in order to identify the acceptance of it, its effectiveness and get suggestions from players. 
RESULTS a) Analysis of the Serious Game in Dentistry
In the first stage of research were identified 24 serious games related to oral health, having been observed a predominance of two groups of target audience: Dentistry students and children.
In general, the games aimed at children discuss concepts related to nutrition and oral hygiene.
Another group of games was directed to students and Dentistry professionals and were based on realism in order to reinforce learning or training skills. We also observed that the existing tools on the market and in the literature, considering the period and analyzed, were limited to four main themes: fundamentals of oral health, oral hygiene of children and adults, trips to the dentist, and professional training.
From the results of the exploratory analysis it was possible to notice the absence of targeted games for the education of mothers and baby caregivers. Unlike games geared to training or professional training, it was noted that the serious games for children aimed at directly affect the health of the player and not a third person, as in the case of babies oral hygiene.
In order to design a serious game for such a purpose, a new planning stage was initiated in order to define and understand the potential target audience of the game.
b) Serious Game Planning
There are no standards set for the planning and development of a serious game focused on health, specifically for Dentistry. However, two factors need to be defined primarily in any game: the target audience and the goal. Only with these two specified points is possible to move on to the next steps For didactic reasons, the planning stage of this project was divided into the following subsections: definition of the pedagogical content, ethical aspects of the design and planning of the tests with the target audience. In this project, the definition of the educational content took place under the supervision of a Dental specialist, which has made possible to organize the content covered in the game on eight topics:
1. Aspects related to diet;
2. Oral hygiene techniques in babies;
Eruption of deciduous teeth;
4. Risk factors in the development of mammary caries and childhood caries;
Trip to the dentist: information about appropriate age to take baby to the dentist and what to expect of the first consultations;
6. Techniques to teach good oral hygiene behaviors to the child;
7. Diseases that the caregiver can pass to the baby through the mouth;
8. Importance of oral health of the mother and her baby.
The process of developing the serious game traveled, generally speaking, the following stages:
conceptualization, definition of the Design Bible 2 , prototyping, production and implementation of sound/images, testing and finalization of the product. For game planning, this study used a methodology based on the evaluation of the game Communication Approach. The Communication
Approach encompasses a number of important elements in the construction of the game, including:
concocting, type of narrative, storytelling, plot, environment, interactivity, game genre and game play. Therefore, these are important elements in both stages of conceptualization and definition of Design Bible, since they define how the educational content should be displayed on the screen and explored by the player 12 . The definition of this approach followed the strategy:
• Planning, with the multidisciplinary team, of the Communication Approaches used in the assessment;
• Construction of the prototypes storyboard of the Communication Approaches;
• Meeting with the multidisciplinary team and correction of the storyboard;
• Development of prototypes;
• Tests with the target audience;
• Evaluation of the results.
In order to evaluate which approach more suited to the target audience, we developed two prototypes to test different approaches, so that potential users could test and opine on the prototypes.
This information was relevant in the construction of the serious game because influenced directly in drafting the script, challenges, in the making of the messages, in the construction of scenes and in the forms of interaction offered to the player.
The approach prototypes constructed were divided into two types: Formal and Recreational. The conceptual basis explored in the two prototypes was the same, so that the distinctions between the Communication Approaches were explicit.
In Formal prototype, was built a script closer to the reality of mothers, based on a board game.
To win, the player should respond to everyday issues related to oral health of the baby, and in some moments also get tips on the theme explored. The game defied the mother to reach the end of the board and solve all the challenges. In this context, the messages were directed to the adult audience, using technical terms at times, besides being formed by phrases and simple sentences, but with a more serious language. The speeches were direct and targeted to the user during the interaction.
Completing this scenario, environments and the prototype screens were composed by routine, as images: children brushing their teeth and a familiar routine. The environment was a motivating element and was not allowed for the player to interact with it. In this prototype were explored concepts related to generalized information about the oral health of the baby. The interaction with this prototype occurred through the keyboard, in simplified form. On construction of an interactive narrative, was taken into consideration the concept of unity, that is, a narrative with beginning, middle and end. Therefore, it was necessary to react to the player interactions not only aesthetic but also in certain respects in particular pattern that allows the player to understand, learn and eventually master the game. In both approaches, an attempt was made to which such element was present.
The Playful approach was characterized by the presence of a script and a narrative full of fun elements without losing the theoretical basis that subsidizes the serious games. In this prototype the adopted script was the following: in a land far away there was a king and a queen who just had a daughter. Child birth was cursed by the witch Tartar so that if the Princess has a dental problem all of the Kingdom will be with sad smiles and rotten teeth. So that this doesn't happen, the player was stimulated to help the King and the Queen to prevent such a curse. The speeches were prepared based on the plot, so it had as interlocutors magical teeth who talked with the mother throughout the interaction. During the making of the environment and the screens it was possible to explore imaginary elements such as speaking teeth, the wizard and the enchantment. After being offered the challenge in the game, the audience should start a search to the magical teeth in one of the royal halls of the castle. If the mother can solve the problem situations exposed the game, receive the title of royal heroine. The content exploited in this approach were the same Formal approach, with the ISSN 1982-8829 Tempus, actas de saúde colet, Brasília, 10(2), 167-188, jun, 2016.
difference present in the form of presenting such information to players.
Prototypes related to Communication Approaches have been tested at the Pediatric Dentistry
Clinic of the Federal University of Paraíba. The clinic is frequented by low-income mothers who seek free and quality dental care for their children. The sample was evaluated by mothers between 25 and 35 years of age, being the most literate and averaging 2 to 3 children. However, the familiarity of this population with informatics was unknown. Initially, the mothers interacted with the prototype related to the Playful approach and then with the Formal. After playing the two test prototypes, the form of assessment was applied in the form of interview and the data were recorded by the interviewer. This testing stage evaluated the opinion of 20 mothers and occurred from October to November of 2010.
The average time to play the two prototypes and respond to the form was 35 minutes for each mother. In order to optimize the time during interviews, a strategy for addressing the mothers was adopted. The steps adopted in this strategy were:
• Present the research proposals and goals in the clinical waiting environment, directed to mothers who are awaiting service;
• Invite mothers to individually test and present the prototypes;
• If the mother would accept the invitation, the informed consent was presented, clarifying the proposal for data confidentiality;
• From that moment, the mother interacted with the Communication Approach prototypes;
• The form was applied, acknowledgments made and research finalized.
In general, the mothers had found it easy to play the prototype approaches. Most were afraid when receiving the notebook (in their hands), for fear of breaking or perform some action that could break the machine. At this point, it was stated verbally that it was not necessary to fear because the interviewer would be there to help them in case of any doubt. The exclusion criteria adopted in this stage of the research were: parents, women who are not mothers, illiterate mothers and children.
The predominant age group in the test was of mothers over 38 years, corresponding to 60% of the interviewed. Other interesting information is that 65% of the mothers said they have computer knowledge. However, such limitation didn't affect their performance and motivation during the games. In general, mothers found interesting the idea of making a game geared towards them about this issue. The importance of a serious game for the intended purpose became clear to find a reality in which more than 80% of the mothers interviewed had not received any guidance related to oral hygiene. In this group of mothers, were found cases of some who brought their children to treat early childhood caries due to a bad oral hygiene during lactation phase. Misleading information about oral hygiene were proven in this sample.
The distinctions between the approaches were noted by the mothers during the interactions.
However, the most relevant differences, according to them, were the narratives. This fact was evidenced by the understanding of the messages in the two approaches. The interviewer's diaries recorded that mothers were more attentive to issues in the Playful Approach and they usually had a better performance in this approach, because of greater involvement caused by plot and by the script.
When assessing the motivation element in both approaches, we noticed a small percentage difference between them. In the Playful approach, mothers who stated feeling some kind of motivation have reached 90% of the interviewed, these 35% claimed to be very motivated, 95% of the Formal approach opposed, with 30% saying they were very motivated. However, the interviewer diary reported that mothers showed greater willingness to finish the Playful Approach because they wanted to "save the princess". Another criterion assessed in this work was the standard note attributed by the mothers of each of the approaches. The grades were given within a range of multiple choice, from 1 to 5. At the end of the testing stage, the playful prototype achieved an average score of 4.6
contrasting the 4.4 obtained by the formal prototype. Again, the results observed in the application of playful approach suggested a better performance than the formal approach 13, 14 .
c) Development of the Serious Game
Once completed the planning phase and after meetings with the multidisciplinary team, the adopted storytelling of the game was: "Once upon a time there was a mother who never took care of the oral health of her newborn child. Seeing such carelessness, the Tooth Fairy decided to test her, because she saw that the mother loved his baby, but did not know that their oral hygiene was important for their well-being and health. Then the Tooth Fairy made a magic and led the mother to an enchanted forest, dominated by the Toothless Witch. To return from this dream the mother (player) must prove their knowledge related to the oral health of babies. For this, she must solve challenges, find tips and find the keys to open an enchanted chest, where is the map for the lair of the Toothless Witch and the Magic Brush to release the imprisoned babies. To get to the treasure chest, the mother needs to address the challenges and issues and achieve the bonus to receive chest key parts. The challenges proposed by the Fairy will involve topics related to infant oral health.
In the Toothland Forest, the mother meets enchanted beings, keys, tips and challenges to reach the enchanted object. The mother can only get to the last challenge if she achieves the previous ones and will only free the babies if she has enough strength to overcome the Witch.". Therefore, the game features four main characters: the mother (player), the Toothless Witch, the Tooth Fairy and the enchanted rabbits. The vision of the game is in First Person and is through the mother character that the player explores the Toothland Forest. The Tooth Fairy helps the audience to break the existing spell in bonuses and enchanted rabbits provide the clues. The magical tools were hidden by the Toothless Witch and she presents the challenges to break the spell of the tools.
The interaction with the serious game occurs through the mouse and keyboard, since the game's target audience is a very heterogeneous group with respect to computer skills. This serious game falls into the category of clues game, as the player must find the magic tools through the clues received for each correct challenge. They only win the game if they get all the tools and get enough points to destroy the Toothless Witch, saving the babies. The game features three main scenarios:
The Toothland Forest, the Toothless Witch's house and the Witch's lair. The last two scenarios are only released throughout the levels. The forest has four differentiated regions where the player navigates through most of the interaction. The navigation menu will lead the audience to the next steps.
In this phase of development, the pedagogical script was outlined. However, the issues related to the oral health of the baby needed to be defined. For this, it was necessary to outline the types of questions that appear during the game. In this context, three groups were designed: the bonus, the tips and the challenges. Each of them is required at specific times of the serious game. For example:
bonuses are activated when the user tries to get enchanted brushes; the tips appear when the user interacts with the magic smiles; and the challenges are presented when the user has all the magic brushes and find the magic level tool. Another relevant difference between these groups is the goal of each one of them. While existing questions in tips exploit the true-false dynamic in the answers, the questions of bonuses and challenges using contextualized answers to routine baby care. In addition, the difference between the bonuses and the challenges is the complexity of the issues, because the challenges contain the assertions with higher levels of difficulty.
Once the logic database handling was sketched, we felt the need to prepare a data stream outline for the serious game "Uma Avntura na Floresta da Dentolândia" This activity was relevant in the context of multidisciplinary work, because it allowed the team kind of like on the dynamics of the tool. The use of diagrams to clarify the game flow was important for the next stages of the project, such as construction of the decision tree and choose the artificial Intelligence methodology, among others.
d) Decision model of the Artificial Intelligence
The decision-making process is an action performed naturally by man. This capability is important for the growth, learning or just for the course of life. People decide based on odds constantly calculated and stored in their heads. The brain continuously accumulates portions of visual and auditory information as someone observes a scene, eventually gathering enough to take what you believe to be a decision needs 15 . Incorporate the power of decision to the universe of serious games allows the enrichment of pedagogical practice, allowing the free trial, the challenge, the simultaneous operation of several senses and the motivation of the learning process.
The partnership between the decision-making process and the serious games happens by means of Artificial Intelligence (AI). It is embedded in games in order to deal with the player's decisions and react automatically. This reaction is given by the artificial intelligence of the game, which can be based on decision models.
The AI is usually incorporated into the designs of games as a separate module that interfaces with the game engine. These can act in different ways and with different objectives, highlighting:
control opponents, assessment of decision-making processes of the player, control the levels of difficulty, action planning, forecasting trajectories of characters and changing states. In addition to these, Bourg and Seeman 16 also consider drive algorithms and collision between elements as important parts of it. The choice of type of AI and the area of expertise in serious game is set in the planning stage. In this context, various techniques and methodologies are referenced in the literature, including: state machines, neural networks, Bayesian networks, fuzzy logic, rulebased systems, search algorithms and genetic algorithms. This paper adopts the term AI to refer to machine decision-making. Millington 17 states that in serious games the AI can act on different levels, such as: moving, decision-making and strategy.
From the detailing of the game flow, it was possible to structure and develop the related aspects of the game. In this process, some steps needed to be considered: the decision tree construction of the game, the development of a graph of events and, ultimately, the choice of AI methodology adopted. Set the central theme and the direction of the script throughout the game, it was possible to describe the actions and events that will occur in accordance with the decision-making process of the target audience. With these data, we built up the project's decision tree 18 (shown in Figure   1 ). This diagram allows visualizing the consequences of the player's decisions and related random events. Decision trees fit the problems easily representable by the attribute-value pair. However, another approach to this problem was to use a pre-built tree, which is only consulted in the course of the game. In multidisciplinary projects, this methodology is widely used because it allows all the components of the team talk about the consequences of a decision. This fact can be justified by the clarity and simplicity of these diagrams.
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When analyzing the events chart and decision tree of the game, it was realized that it was possible to map all states and events handled by the AI during the interaction with the player. Therefore, deterministic AI methodologies were considered for this project. However, to better understand the dynamics of this serious game, the states were divided in three distinct entities: the tools, the player and challenges. For each entity, were modeled states and the events that occasioned the change between them. After the mapping of the states it was possible to affirm that the use of the Machine addition to perfectly associating with classical logic. Another advantage is the low use of processor (CPU) resources. In computer games this concern is relevant because the graphics processes consume much of the hardware processing.
Of all the AI techniques currently used in games, Finite state machines are the most used, not only because they are easy to understand and program, but also because they are applied to almost all kinds of problems 16 The resulting product was the game "Uma Aventura na Floresta da Dentolândia" ( An Adventure in the Toothland Forest) (Figure 3 ). This application is the result of the analyses carried out on the serious games in dentistry and the practical application of AI methods for informative and educational purposes. It is noted that the construction of the game was based on Playful Communication approach and key elements of the game follows its characteristics.
After starting the game, the player enters the Toothland Forest. To guide them through the levels and challenges there is a navigation menu at the bottom center of the screen that will always show them the next steps that should be performed. However, there are other on-screen graphics that guide the player during the adventure, as can be observed in Figure 3 . At first, the target audience opined about their impressions regarding the serious game.
In general, the mothers liked the game, and 100% indicated that they believe the fact of these applications helping in learning and, above all, on the acquisition of concepts related to the oral health of the babies. At the end of the interaction, about 87% of the participants surveyed obtained some new knowledge that they intend to pass on to someone they know or a family member. Within the analyzed sample, about 53% of the mothers successfully finished the game. Those who failed to finish the game indicated the lack of time or the end of their child's appointment at the clinic.
Subsequently, the opinions reported on the form were analyzed on three points: the game in general (beginning-middle-end), the challenges presented and the messages (and the discourses used in the challenges). The reviews were positive in all these aspects. The target audience felt very motivated to interact and successfully complete the application. This motivation helps in the player's immersion process in the plot, as well as improving their cognitive processes. In this regard, only one of the mothers interviewed felt little motivated with the application. During the tests, many mothers expressed a willingness to introduce the game to other relatives and suggested adding an avatar to navigate through the forest.
CONCLUSIONS
During the bibliographic survey carried out for this research, we found several serious games related to Dentistry. These applications have well defined characteristics that can be compared with the resulting serious game of this work. The first analysis that must be highlighted is the type of visualization of this game. Amid applications predominantly 2D, the game "Uma Aventura na Floresta da Dentolândia" emerged as a specific 3D tool to inform on concepts related to the execution of oral hygiene since the deciduous dentition.
Two main aspects can be highlighted in the work: the adopted theme (oral health in babies) and
the defined target audience (baby caregivers). Confronting the data collection applications, which shows the predominance of topics related to health and oral hygiene to a widespread audience, it should be noted that this work has developed a serious game of unprecedented and relevant theme (considering the analyzed databases).
At the same time, the evolution of the target audience of games deserves attention. Despite the analyses carried out previously in this paper, the final test step resumed a questioning present in the whole game construction process: the expansion of the target audience. This change is natural given the increasing participation of parents in the education and care of babies. This fact was witnessed during the final testing stage, where a large number of parents stood in the waiting room of the Pediatric Dentistry Clinic. In anticipation of these changes, the serious game "Uma Aventura na Floresta da Dentolândia" has been modified to: avoid direct discussions with the mother in the messages throughout the game and use the first-person view to prevent female avatars.
Another particular feature of this serious game is the targeting of information to the public focus. Usually, in serious games with educational purposes, the content is transmitted directly to the target audience. However, when it has focus on babies there is a change in this flow of concepts.
That is, the information is transmitted to third parties to affect, in fact, the target subjects.
During the planning and construction of the serious game it was necessary to ensure that the players would find, throughout the levels, all the basic information of the theme, regardless of the paths taken by them, keeping their motivation and interest. Therefore, the decision-making processes of the player were analyzed in a decision tree to define the AI methodology best suited for the problem. In this regard, AI was implemented based on finite state machines associated with reactive agents, encouraging, challenging and assisting the player's route. It is important to note that there is no default AI methodology directed to serious games related to Dentistry and to ISSN 1982-8829 Tempus, actas de saúde colet, Brasília, 10(2), 167-188, jun, 2016.
the definition of the techniques should be undertaken through studies and analysis of the game intended. Within this category of games, concepts and information transmission must be considered carefully so that no aspect is forgotten.
The results found in this research allowed to verify that the thematic possibilities are broad for serious games. Thus, issues such as oral health in babies, oral hygiene in elderly care, oral hygiene related to the use of dental appliances and oral care in pregnant women are real application possibilities.
